Microspectrophotometry of nitric oxide-dependent changes in hemoglobin in single red blood cells incubated with stimulated macrophages.
A highly sensitive microspectrophotometer was developed to measure spectral changes of oxyhemoglobin (oxy Hb) in single red blood cells (RBC) incubated with stimulated macrophages as a model of nitric oxide (NO) dependent cytotoxicity. Our microspectrophotometer, using a modified acousto-optic tunable filter (AOTF) and a 2-dimensional CCD array, allows fast spectrophotometric data acquisition. Human RBC treated with various concentrations of NO showed spectral changes due to the conversion of oxy Hb to methemoglobin (met Hb), in which the change in absorption differences at alpha (557 590 nm) and beta (542-525 nm) bands showed a linear relationship with the concentration of NO up to 100 microM. In contrast to highly diffusible NO, nitrite ions (NO2-) seem to enter RBC very slowly, resulting in negligible formation of met Hb in the presence of 5 mM glucose even during a prolonged incubation period. RBC were incubated with murine macrophages with and without lipopolysaccharide (LPS) in the presence of glucose for 24 and 40 h and subjected to the microspectrophotometric assay. The RBC incubated with LPS-stimulated macrophages showed significant changes in the spectrum due to NO-dependent conversion of oxy Hb to met Hb, which corresponded to the spectral changes of RBC treated with a several times higher concentration of NO than that in the culture medium. The trapping efficiency was calculated from the amounts of the NO released from macrophages and of the met Hb formed in the RBC, which gave a high efficiency (43%). The results suggest that RBC trap NO directly by cell cell interaction with macrophages. This spectrophotometric system is available for use with just a few drops of samples to study NO-specific cytotoxicity as a model of RBC without the use of any chemical reagent, in parallel with microscopic observations on changes of the cellular morphology under physiological conditions, such as membrane damage leading to hemolysis, adherence, and phagocytosis.